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Strong  and  huge  interests  on  smart  grid  have  increased  extensively  in  recent  years  around  the  world.  This 
scenario  could  be  a  promising  reason  for  future  research  in  this  area.  This  next  form  of  electricity  grid 
will  be  able  to  manage  various  parts  of  power  production  from  power  plants  to  the  customers.  Smart  grid 
has  become  a  major  challenge  in  developed  nations  in  both  research  and  utilization  aspects.  On  the  other 
side,  application  of  smart  grid  in  developing  countries  is  still  lagging  behind  as  compared  to  the 
developed  ones.  However,  most  of  developing  nations  are  currently  investigating  potentials  of  some  pilot 
projects  or  few  research  works.  In  this  article,  the  applied  activities  in  developing  countries  for  smart  grid 
are  reviewed  and  categorized  into  two  major  groups:  group  of  pioneer  developing  countries  in  smart  grid 
and  other  developing  countries  are  placed  in  another  group.  The  findings  demonstrate  that  a  few 
countries  such  as  China,  India  and  Brazil  have  had  proper  planning  and  development  in  this  technology. 
In  some  cases  like  China,  the  efforts  are  considered  comparable  with  developed  nations  like  U.S. 
Therefore,  according  to  the  development  progress  for  smart  grid  in  China,  India  and  Brazil,  a  pattern  of 
reference  for  other  developing  countries  is  suggested. 

©  2013  Elsevier  Ltd.  All  rights  reserved. 
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1.  Introduction 

Smart  grid  is  considered  as  a  future  of  power  grid  which  is  able 
to  manage  the  production,  transmission  and  distribution  of 
electricity  by  modern  technology  1-5]  to  resolve  many  issues  of 


Abbreviations:  RE,  Renewable  energy;  IEA,  International  energy  agency;  GDP, 
Gross  domestic  product;  AMI,  Advanced  metering  infrastructure;  WAM,  Wide  area 
measurement;  HEM,  Home  energy  management;  DA,  Distribution  automation 
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current  power  grid  systems.  Some  of  these  obstacles  such  as 
voltage  sags,  blackouts,  overloads  and  old  grids  are  part  of 
economical  issue  and  other  factors  especially  carbon  emissions 
which  contribute  to  the  environmental  problem  [6,7].  Thus, 
considering  both  economical  and  environmental  interests,  appli¬ 
cation  of  smart  grid  will  be  essential  for  near  future  [8-14]. 
Modernization  of  power  grid  by  new  facilities  has  been  a  reason 
for  rapidly  emerging  of  smart  grid  in  many  regions  around  the 
world  [9,15]  especially  in  developed  countries  [16,17].  Moreover, 
smart  grid  is  necessary  for  developing  countries  in  future  due  to 
integration  with  renewable  energies  and  energy  management 
features  18-20  .  However,  there  are  many  challenging  aspects 
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Fig.  1.  Published  items  about  smart  grid  in  recent  20  years. 
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recent  study  discussed  about  the  customer  engagement  in  such 
projects  in  Europe  [24  .  On  the  other  side,  the  application  of  smart 
grid  in  a  few  developing  countries  just  started  from  2006  [25  . 

This  paper  provides  an  overview  of  the  research  works  about 
the  smart  grid  in  recent  years  and  reviews  the  government's  plan 
for  application  of  smart  grid  in  developing  countries.  The  results 
should  be  able  to  help  researchers  and  decision  makers  for 
utilization  of  future  modern  grids  in  such  countries. 


2.  Smart  grid  in  developing  countries 

In  general  terms,  environmental  emissions  and  energy  efficiency 
are  two  main  benefits  of  smart  grid  [26  .  Environmental  impacts  and 
energy  efficiency  are  managed  in  production,  transmission  and  con¬ 
sumption  of  power  grid.  Moreover,  the  stability,  security  and  econom¬ 
ical  improvements  are  further  advantages  [27]. 

The  next  architecture  of  power  grid  will  be  changed  due  to 
usage  of  various  sources  of  energy  such  as  renewable  ones  and 
two-way  power  and  data  flow  as  shown  in  Fig.  3  [28]. 

Fig.  3  shows  one  the  accepted  models  of  smart  grid.  There  is 
much  more  architecture  that  has  been  proposed  for  such  grids 
[29-31  with  proper  security  protection  [32].  The  reliable  opera¬ 
tion  and  protection  are  assumed  vital  for  smart  grid  due  to  the 
variety  of  energy  sources  and  communication  networks  [33  . 

Some  requirements  are  needed  for  utilization  of  smart  grid  in 
future  [34].  One  of  these  requirements  is  upgrading  infrastructure 
such  as  using  smart  meters  with  a  proper  investment  [35  .  Smart 
meter  is  a  primary  device  and  infrastructure  for  smart  grid  utilization 
and  is  defined  as  an  advanced  energy  meter.  Smart  meters  are  able  to 
make  a  conventional  grid  more  flexible  for  application  of  many 
techniques  and  software  [36].  Furthermore,  smart  meters  are  key 
devices  for  energy  management  purposes  [37]. 

Nowadays  smart  grid  is  become  essential  for  developed  coun¬ 
tries  and  these  nations  have  done  much  of  the  investigation  in  this 
issue.  A  research  by  Center  for  Study  of  Science  Technology  and 
Policy  (CSTEP)  in  India  presented  five  main  factors  to  make  power 
grid  in  developing  countries  smarter.  Some  developing  countries 
such  as  China,  India  and  Brazil  are  forefront  of  these  efforts  [22] 


Fig.  2.  Citation  items  about  smart  grid  in  recent  20  years. 

for  this  technology  to  expand  due  to  its  broad  nature  and  multi 
disciplinary  aspects,  that  can  make  it  becomes  complicated  and 
difficult  to  be  implemented  by  governments  in  such  countries  [21  . 

Taking  into  account  information  from  the  ISI  Web  of  Knowledge, 
Fig.  1  shows  the  published  items  about  smart  grid  in  a  period  of  20 
years.  As  shown  in  Fig.  1,  the  items  about  this  topic  have  just  been 
published  from  2001.  Thus,  it  is  observed  that  smart  grid  is  extensively 
new  topic.  Moreover,  before  2008  there  were  less  than  50  papers  and 
only  after  2008  this  research  area  has  become  a  hot  topic. 

Obviously,  in  2011  there  was  a  rapid  increase  in  number  of 
publications  and  citations  (Fig.  2).  Furthermore,  although  in  2012 
the  published  works  were  about  1/3  of  2011,  however,  the  citation 
number,  as  shown  in  Fig.  2,  is  equal  in  2011  and  2012.  Therefore, 
the  promising  future  of  smart  grid  will  be  guaranteed. 

On  the  other  hand,  although  development  of  smart  grid  in 
developed  countries  is  greater  than  developing  ones,  but  for 
developing  world  there  are  some  similar  or  different  factors  that 
clarify  the  urgency  of  application  of  smart  grid  as  compared  to  the 
developed  world  [22].  The  U.S.  and  the  E.U  initiated  smart  grid 
technology  and  number  of  power  grid  practices  towards  smart 
grid  since  2003.  As  an  example,  there  is  a  project  in  Europe  since 
2004  named  “smart  grid  project  report”  about  research  and 
construction  of  smart  grid  to  help  E.U  power  grid  to  be  more 
flexible,  economical  and  reliable  by  2020  [23  .  Furthermore,  a 


•  Quality  and  reliability  of  power:  In  some  cases  in  developing 
countries  the  quality  of  grid  connection  is  poor  and  conse¬ 
quently  the  electricity  is  available  for  certain  times.  Demand 
balancing  and  distribution  automation  are  two  features  of 
smart  grid  that  can  keep  power  continuously.  Therefore,  the 
power  flow  can  be  managed  in  a  smart  grid  system  [38  . 

•  Build  a  smart  grid  instead  of  conventional  one:  In  some 
developing  nations  such  as  Tanzania  the  power  grid  is  not  fully 
built  out.  In  Tanzania,  90  percent  of  people  do  not  have  access 
to  the  electricity  through  power  grid.  Such  countries  can  start 
with  smart  grid  instead  of  old  model  of  grid. 

•  Cost  effective  investment  for  rapid  energy  demand:  Increas¬ 
ing  energy  in  some  developing  countries  such  as  China  needs  a 
cost  effective  investment  for  smart  grid.  In  these  nations  the 
addition  of  customers  can  help  to  return  the  investment. 

•  Addition  of  renewable  energy  to  smart  grid:  Distribution 
generation  by  renewable  energy  sources  can  be  added  to  the 
smart  grid  and  managed  properly  [39,40  .  Furthermore,  the 
related  problems  due  to  intermittency  of  such  energies  can  be 
solved  [41-43]. 

Welsch  in  [44]  categorized  various  elements  for  implementa¬ 
tion  of  smart  grid  according  to  needs  of  developing  countries.  The 
authors  explained  that  such  elements  can  help  to  accelerate 
achieving  smart  grid.  These  factors  are:  (1)  design  of  transmission 
and  substation  system:  to  reduce  losses  for  long  transmission 
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Fig.  3.  Smart  grid  power  system  architecture. 


Fig.  4.  Comparison  of  2011  nominal  GDPs  of  major  economics  in  US$  billions 
according  to  IMF  data. 


lines;  (2)  design  of  distribution  system:  intelligent  control  by  using 
smart  sensors  and  flexible  switches;  (3)  smart  distributed  genera¬ 
tion:  maintain  power  quality  against  fluctuating  generation  using 
smart  components;  (4)  load  side  management:  managing  demand 
by  load  control  switches  to  reduce  load-shedding;  (5)  local  char¬ 
ging  stations:  to  supply  electricity  for  basic  needs  of  rural  com¬ 
munities;  (6)  billing  service:  to  implement  billing  service  via 
mobile  phone;  (7)  information  system  architecture:  applying 
intelligent  control  by  data  management  tools  for  two-way  flow 
of  information  in  smart  grid;  and  (8)  financing:  utilization  of  smart 
grid  requires  high  level  of  investment  by  government.  The  author 
listed  many  other  elements  such  as  operation  and  quality  of 
supply,  environment,  technical  complexity,  human  capacities, 
regulations  and  standards  and  modeling. 

Although,  the  application  of  smart  grid  has  not  been  defined  in 
most  of  developing  countries,  but  some  of  them  such  as  China, 
India  and  Brazil  have  had  a  significant  efforts  in  this  field  [22]. 
Whereas  there  are  different  strategies  in  such  countries  for  future 
of  grid,  in  this  paper  the  strategies  will  be  considered  indifferent 
classifications  as  follows. 

2.2.  Smart  grid  in  China 

China  is  considered  as  one  of  the  fast  growing  economics  in 
developing  nations.  According  to  the  International  Monetary  Fund 
(IMF),  it  has  the  second  largest  economy  in  the  world  with  about 
US$  7.298  trillion  in  2002  (Fig.  4)  [45]. 

Based  on  World  Bank  report  [46],  more  than  1.5million  people 
in  developing  countries  are  living  without  electricity  and  it  seems 


Table  1 

Growth  for  world  electricity  demand  from  2007  to  2050. 


Region 

2007  electricity 
demand  (TWh) 

2050  electricity 
demand  (TWh) 

Percent  growth 
2007-2050  (%) 

World 

16,999 

36,948 

117 

OECD  North 

4664 

6252 

34 

America 

OECD  Europe 

3136 

4071 

30 

OECD  Pacific 

1681 

2311 

37 

Economies  in 

1149 

2348 

104 

transition 

China 

2856 

9500 

233 

India 

567 

3453 

509 

Other  developing 

853 

2822 

231 

Asia 

Africa 

521 

1691 

225 

Latin  America 

808 

2062 

155 

Middle  East 

594 

2537 

327 

Fig.  5.  China's  smart  grid  investment  ratio  during  "12  Five  Year  Plan"  Period. 


that  there  is  no  change  in  future  with  the  same  trend  [47]. 
Therefore,  one  of  the  main  purposes  of  smart  grid  is  to  meet  the 
electricity  demands  in  future  [1,12,48  .  China  has  233%  growth  of 
electricity  demand  from  2007  to  2050  [49]  as  shown  in  Table  1. 
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Table  2 

China's  smart  grid  investment  from  2011  until  2015  in  each  sector. 


Sections 

2011 

2012 

2013 

2014 

2015 

Generation 

16.7 

16.7 

1.7 

1.7 

1.6 

Transmission  and  transformation 

123.8 

160.9 

159.5 

158.7 

161.9 

Distribution 

58.2 

58.8 

92.3 

40.8 

46.1 

Utilization  and  dispatch 

149.2 

194.6 

152.5 

219.1 

174.9 

Communication 

172.4 

187 

166.5 

149.1 

135.4 

Since  2006  smart  grid  technology  was  introduced  into  China 
and  relevant  research  works  have  been  started.  Soon  after  [50]  a 
project  named  Solution  Architecture  for  Energy  (SAFT)  was 
designed  containing  few  parts  of  using  sensors  for  connection  of 
equipments  to  improve  the  digital  level,  data  collection  and 
system  integration.  In  this  project,  operation  is  optimized  and 
managed  based  on  data  analysis  [25  .  Furthermore,  China  will  be 
one  of  the  best  markets  of  smart  grid  and  State  Grid  Corp  has  a 
goal  for  implementation  of  smart  grid  by  2020  [22  . 

Through  12th  five-year  plan  of  China,  a  key  government 
priority  is  further  to  develop  of  the  country's  power  grid  with 
the  large-scale  construction  of  a  smart  grid.  State  Grid's  invest¬ 
ments  will  reportedly  exceed  RMB  17  billion  during  this  time  [51]. 
There  are  many  key  changes  such  as  social,  environmental  and 
economic  solutions  in  smart  grid  plan  in  China  [52  .  Perhaps  as 
another  key  important  factor,  China  is  also  looking  to  the  smart 
grid  which  may  help  creating  15  million  new  jobs,  specifically  to 
employ  rising  number  of  newly  graduated  workers  53].  China's 
smart  grid  investment  ratio  during  12th  five-year  plan  period  and 
for  different  smart  grid  sectors  is  shown  in  Fig.  5. 

Development  of  smart  grid  in  China  in  different  sectors,  and 
related  changes  in  funds  and  their  trends  are  clearly  shown  in 
Table  2  in  detail  [25]. 

In  academic  field,  there  are  many  articles  about  smart  grid  in 
China  in  recent  few  years.  Some  of  them  evaluate  smart  grid  by 
energy  aspects.  Siming  Li  [54]  explained  the  smart  grid  develop¬ 
ment  in  China.  This  paper  discussed  the  development  and  chal¬ 
lenges  of  the  power  grid.  De-Qiang  Sun  in  his  work  27],  stated 
about  the  utilization  and  development  strategies  of  smart  grid  and 
new  energy  in  China.  He  mentioned  that  smart  grid  and  renewable 
energy  integration  is  defined  as  the  main  solution  for  low-carbon 
economy  of  China.  As  a  complementary,  Xin-Wei  in  [55  reviewed 
the  development  of  smart  grid  in  China  and  analyzed  the  chal¬ 
lenges  against  Chinese  power  enterprises. 

The  others  discuss  the  construction  and  infrastructure  of  future 
grid  in  China.  Authors  in  [54]  presented  a  set  of  suggestions  for 
construction  of  Chinese  style  smart  grid.  In  [56]  authors  presented 
development  in  power  and  transmission  infrastructure  of  China. 
Wu  [57]  analyzed  construction  of  information  system  for  smart 
grid  of  China.  In  [58],  authors  evaluated  the  investment  system 
that  is  important  for  future  of  power  grid  in  China.  Sun  [59] 
reviewed  the  assessment  system  of  smart  grid  in  China. 

Smart  grid  of  China  is  announced  in  May  2009  after  US  and 
Europe  smart  grid  plan  [60].  In  a  recent  research  work,  US  and 
China  smart  grid  policy  is  comprised  and  it  is  defined  that  this 
policy  is  dependent  to  the  state  of  power  industry.  The  “supply- 
side  policy”  with  a  focus  on  “public  enterprise,  scientific  and 
technical  development  and  legal  regulatory”  policies  are  applied 
and  preferred  in  China  [61  . 

Therefore  as  a  result  in  this  part,  China  has  been  leader  in  smart 
grid  among  developing  economics. 

2.2.  Smart  grid  in  India 

Smart  grid  investment  in  India  has  not  been  same  as  China. 
Some  pilot  projects  are  investigated  by  Indian  utilities  and 


Fig.  6.  Approaches  for  Indian  smart  grid. 


Fig.  7.  Electricity  demand  growth  in  Brazil  from  2009  to  2020. 


Bangalore  Electricity  Supply  Company  (BESCOM)  is  working  on 
such  pilot  projects  [22]. 

On  the  other  side,  there  are  many  additional  reasons  for 
necessity  of  smart  grid  in  India.  First,  power  theft  that  is  a 
common  problem  in  India  due  to  little  protection  of  grid  and  high 
poverty  rate  [22].  The  second  reason  is  the  highest  rate  of  growth 
for  electricity  demand  as  shown  in  Table  1  [62].  The  transmission 
and  distribution  losses  are  the  third  one.  The  rate  of  such  losses  in 
India  is  about  26  percent  of  total  production  which  is  considered 
highest  rate  in  the  world  [60].  Indian  smart  grid  approach  is 
shown  in  Fig.  6  [63]. 

Although  power  grid  in  India  has  been  weak  as  compared  to  other 
countries,  there  are  proper  opportunities  to  build  smart  grid  [60  . 

As  an  academic  work,  Sinha  et  al.  [64]  evaluated  the  smart  grid 
initiatives  in  India.  One  of  the  elements  in  this  paper  is  to 
elaborate  the  methodology  of  implementing  the  smart  grid  project 
in  Indian  power  scenario.  Acharje  in  [65]  completed  Arup's  work 
by  discussing  some  problems  against  implementation  of  smart 
grid  in  India.  On  the  other  side,  Ganesh  and  Jadhav  66]  considered 
some  essential  technical  challenges  for  development  of  smart  grid 
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Fig.  8.  Combined  smart  grid  forecast  in  Brazil.  By  2013  reach  about  $50  billion. 


in  India.  Thus,  the  reliability,  quality  of  supply,  efficiency  of  power 
and  being  customer  friendly  will  be  improved  by  introduction  of 
smart  grid  in  India  [33  . 

Power  grid  of  India  needs  more  improvement  and  proper 
monitoring  to  achieve  the  assumed  goal  for  implementation  of 
smart  grid.  The  energy  planning,  investment  and  awareness  about 
smart  grid  for  all  Indians  are  necessary  [62]. 

23.  Smart  grid  in  Brazil 

Brazil  is  the  fifth  largest  country  in  the  world  with  population 
about  199  million  people  and  404.3  billion  kWh  electricity  con¬ 
sumption  in  2007.  According  to  development  of  Brazil  and  the 
electricity  demand  rate  (4.8  percent),  the  consumption  will  be 
around  700  billion  kWh  by  2020  as  shown  in  Fig.  7  [67]. 

Brazil  will  be  the  next  potential  smart  grid  market  due  to 
growing  economy  and  investment  in  city  infrastructure  [68]. 
Moreover,  $1  billion  is  invested  by  Siemens  into  the  smart  grid 
market  in  Barzil  in  next  five  years  [69]. 

Thus,  based  on  Brazil  smart  grid  market  forecast  from  2012  to 
2022  [70  ,  Brazil  will  become  one  of  the  largest  smart  grid  markets 
in  the  world  by  the  end  of  the  decade  as  shown  in  Fig.  8. 

Some  researchers  worked  on  implementation  and  challenges  of 
smart  grid  in  Brazil.  Kagan  et  al.  [71]  presented  a  roadmap  for  the 
implementation  of  smart  grids  in  Brazil.  In  another  one,  authors 
[72]  stated  challenges  for  smart  grid  development  in  Brazil  with 
special  attention  to  smart  metering  technology  and  utilization  of 
demand  response  programs. 

For  progress  monitoring  of  smart  grid  in  Brazil,  using 
a  developed  country  as  an  index  will  be  helpful.  Suryanarayanan 
in  [67]  performed  comparative  analysis  of  related  infrastructure 
growth  in  U.S  and  Brazil.  The  authors  addressed  various  moder¬ 
nization  efforts  for  power  grid  in  both  countries  using  smart  grid 
initiative  as  a  template. 

Brazil  is  defined  as  a  leading  smart  grid  market  in  the  region 
of  Latin  America  [68  . 

2.4.  Smart  grid  in  other  developing  countries 

Utilization  of  smart  grid  in  other  developing  countries  can  be 
seen  in  recent  years  with  different  approaches  [73-76].  Some  of 
them  have  had  a  few  research  works  and  others  have  started 
academic  researches  with  government  support  and  plan  [77-82]. 
This  paper  describes  four  countries  as  a  sample:  Malaysia,  Thai¬ 
land,  Egypt,  and  Iran  as  follows: 

In  Malaysia,  as  an  academic  work,  Mohamad  [77]  discussed  a 
proper  approach  for  controlling  an  islanding  operation  in  smart 
grid  system.  The  future  of  smart  grid  in  this  country  is  in  a 
situation  based  on  two  major  initiatives.  (1)  CIRED  (Congress 
International  des  Reseaux  Electtriques  de  Distribution)  Malaysia 
chapter  has  organized  a  workshop  on  smart  grid  initiatives  in  the 


Asia  Pacific  Region  in  February  2010  [78].  (2)  TNB  (electric  power 
utility  in  Malaysia)  has  formed  a  working  committee  to  look  into 
its  implementation  [78  .  Through  TNB  planning  for  Smart  Grid 
systems  report  [79],  there  are  many  drivers  such  as  ageing 
infrastructure,  energy,  financial  and  environmental  crisis  for 
developing  TNB's  smart  grid.  Therefore,  TNB  has  the  25-years 
Electricity  Technology  Roadmap  (TRM),  with  a  purpose  of  moder¬ 
nizing  electricity  supply  industry  in  Malaysia. 

On  the  other  hand,  Zpryme  (research-based  advisory  firm) 
prepared  are  port  on  Malaysia  smart  grid  market  [80  .  According 
to  this  report,  the  total  technology  market  of  smart  grid  in 
Malaysia  is  designed  to  increase  from  $35.2  million  in  2011  to 
$109.0  million  by  2016.  The  rate  of  power  consumption  growth  in 
Malaysia  is  assumed  to  be  5%  per  year  in  next  five  years  and  will  be 
doubled  in  next  20  years.  The  TNB  as  a  national  utility  of  Malaysia 
launched  the  smart  grid  plan  with  expected  5000  customers  in 
three  different  cities.  The  main  purpose  of  this  plan  is  to  reduce 
carbon  emission  up  to  40  percent  of  2005  level.  Moreover, 
integration  level  of  renewable  energies  is  projected  to  increase 
to  2080  MW  and  4000  MW  by  2020  and  2030  respectively. 

Finally,  as  a  mega  smart  grid  project  in  Malaysia,  Masers  Energy 
Inc  Smart  Grid  City™  Consortium  will  develop  Melaka,  Malaysia  as 
the  first  fully  integrated  city  with  US$  60  billion  investment  until 
2030.  Melaka  Carbon  Free  City  with  population  of  1,000,000 
people  is  a  place  to  show  the  environmental,  financial  and 
operational  advantages  of  smart  grid  [81  . 

In  Thailand,  there  is  a  study  about  smart  grid  in  Jirapornanan's 
work.  He  [82]  deployed  technology  road  mapping  approach  to 
identify  the  research  and  development  needed  to  support  the 
smart  grid  in  Thailand.  He  focused  on  infrastructures  and  con¬ 
cluded  that  Thailand  has  lack  of  some  technologies  required  for 
smart  grid.  However,  smart  grid  is  considered  as  a  future  devel¬ 
opment  by  the  government  and  the  private  sector.  Moreover, 
Araree  expressed  that  there  is  five  fields  of  lacking  technologies 
according  to  the  roadmap  for  the  smart  grid  in  Thailand.  Customer, 
communication,  information,  operational  and  energy  technologies 
are  classified  as  these  five  sections. 

On  investment  part,  US$  13  billion  is  provided  for  utilization  of 
smart  grid  in  Thailand  in  next  15  years  by  Provincial  Electricity 
Authority  (PEA).  Four  universities  will  join  the  PEA  smart  meter 
project.  Another  two  universities  are  developing  a  prototype  for  a 
Data  Cache/Control  Unit  (DCU.)  The  proper  unit  will  be  used  in  the 
advanced  metering  infrastructure  project.  This  project  is  expected 
to  be  completed  by  middle  of  2013.  The  PEA  will  install  the  pilot 
system  in  high-consuming  tourist  destinations,  including  Phuket, 
Chiang  Mai  and  Pattaya  [83]. 

Iran  and  Egypt  are  in  the  group  of  other  developing  world, 
which  the  study  of  smart  grid  is  still  at  academic  level. 

For  Iran,  Ashraf-Hesari  [74]  provided  a  consensus  view  on  the 
current  status  of  smart  grid  technologies  and  benefits  of  applying 
it  in  Iran.  From  another  aspect,  authors  in  76]  presented  the 
utilization  of  smart  transmission  grid  in  Iran,  Khorasan  state. 
As  a  supplementary,  Majid  Biabani  et  al.  [75]  discussed  about 
driving  factors,  evolution,  challenges  and  possible  solutions  of 
smart  grid  in  Iran.  They  proved  that  collaboration  among  utilities, 
governments,  industries  and  academic  parts  would  be  essential  in 
the  design  and  implementation  of  Smart  Grid  in  Iran. 

Research  and  practical  works  about  smart  grid  in  Iran  is  defined  as 
a  duty  of  Iran  Energy  Efficiency  Organization  (SABA)  under  ministry  of 
energy  in  recent  years.  However,  there  is  not  any  proper  support  from 
government  and  only  some  pilot  projects  are  planned  [84  . 

Egypt,  as  one  of  the  developing  countries,  was  evaluated  as  the 
study  case  in  Walid  El-Khattam's  paper  [73  .  Walid  aimed  to 
proposes  steps  to  implement  smart  grid  concepts  in  promoting 
and  integrating  RE  into  electricity  grids  in  general  and  for  the 
Egyptian  grid  in  particular  as  an  example  of  developing  countries. 
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3.  Conclusion 

This  review  article  illustrates  that  although  research  about 
smart  grid  utilization  in  developed  nations  has  been  started  many 
years  ago,  however  there  have  been  some  proper  efforts  in 
developing  countries  in  this  field.  By  reviewing  and  analyzing 
many  articles  and  governmental  documents,  it  is  concluded  that 
China,  India  and  Brazil  are  frontier  of  this  technology  in  develop¬ 
ing  nations.  The  proposed  pattern  for  smart  grid  development  is 
prepared  as  follows: 

•  Understanding  the  need  for  smart  grid:  The  main  important 
issue  which  is  discussed  about  China,  India  and  Brazil  shows 
that  although  they  are  in  category  of  developing  nations,  but 
they  understand  the  importance  of  smart  grid  implementation 
for  their  future  as  proper  as  developed  countries. 

•  Governmental  support  and  investment:  Investment  for  smart 
grid  research  and  utilization  has  been  defined  as  a  first  huge 
step  by  China  and  Brazil.  These  two  countries  have  had  suitable 
governmental  support  for  grid  development. 

•  Implementation  of  pilot  projects:  Although  India  has  not 
been  as  good  as  China  in  investment  of  research  and  imple¬ 
mentation  of  smart  grid,  but  the  number  of  research  works  and 
investment  for  pilot  projects  has  made  India  as  pioneer  for 
smart  grid  in  developing  countries. 

•  Integration  with  renewable  energies:  The  future  of  power 
grid  is  associated  with  renewable  energies.  Number  of  research 
articles  and  application  of  renewable  energies  are  assumed 
necessary  before  and  in  parallel  with  study  of  smart  grid. 

•  Start  a  huge  change:  Utilization  of  smart  grid  needs  a  huge 
change  in  infrastructure  of  available  power  grid.  It  seems  that 
based  on  this  review,  China  understands  properly  this  issue. 

Therefore,  by  applying  these  steps  of  proposed  outcome,  the 
future  of  all  developing  nations  could  be  promising.  Thailand, 
Malaysia,  Iran  and  Egypt  have  been  some  of  developing  countries 
which  are  investigated  further  as  a  sample.  These  countries 
have  tried  to  push  their  nations  toward  the  modernization  of 
power  grid. 
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